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Abstract: The effects of sub-chronic administration of an aqueous extract of Ficus bengalensis stem bark on hematological and
biochemical parameters in rats with streptozotocin (STZ)-induced diabetes were evaluated. The possible protective effect of the F.
bengalensis (500 mg/kg of body weight per day) extract on STZ-induced changes was evaluated over 12 weeks. The parameters
evaluated were plasma proteins, including total protein albumin and globulin, non-protein nitrogenous substances, including urea, uric
acid, and creatinine, and hematological indices, including total hemoglobin content, erythrocytes, leucocytes, and platelets counts. The
aqueous extract had a significant (P < 0.05) protective effect against STZ-induced changes in terms of the markers of protein
metabolism and hematological indices. Furthermore, increases in levels of non-protein nitrogenous substances were normalized in
response to the administration of the extract. Thus, the aqueous extract of F. bengalensis had a significant protective effect on STZinduced changes to biochemical and hematological parameters in the diabetic rats.
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Oral Yolla Uygulanan Ficus bengalensis Gövde Kabuğu Sıvı Ekstresinin Streptozotosin ile
İndüklenmiş Diyabetik Ratların Bazı Hematolojik ve Biyokimyasal Parametreleri Üzerine Etkisi
Özet: Bu çalışmada Ficus bengalensis gövde kabuğu sıvı ekstresinin sub kronik uygulamasının streptozotosin (STZ) ile indüklenmiş
diyabetik ratların hematolojik ve biyokimyasal parametrelerine etkisi değerlendirilmiştir. STZ ile indüklenmişdeki değişimlere F.
bengalensis (500 mg/kg vücut ağırlığı/gün) ekstraktının olası koruyucu etkisi 12 hafta için test edilmiştir. Diyabetik ratlarda
parametre olarak total protein, albumin, globulini kapsayan plazma proteinleri, üre, ürik asit, kreatinini kapsayan protein olmayan
azotlu bileşikleri ve toplam hemoglobin miktarı, eritrosit, lökosit, trombosit miktarını kapsayan hematolojik veriler
değerlendirilmiştir. Protein metabolizması ve hematolojik veriler ışığında STZ ile indüklenmiş değişimlere karşı sıvı ekstrakt önemli
(P < 0,05) koruyucu etki göstermiştir. Ayrıca protein olmayan azotlu maddelerin artan düzeyleri ekstrakt uygulaması ile normal
düzeylere indirilmiştir. Bu nedenle F. bengalensis’in sıvı ektresi, ratlarda STZ ile indüklenmiş değişimlerde biyokimyasal ve hematolojik
parametreler üzerine üstün koruyucu etkiye sahiptir.
Anahtar Sözcükler: Ficus bengalensis, streptozotocin, protein olmayan azotlu bileşikler, hematolojik veriler

Introduction
Streptozotocin (STZ) is often used to induce diabetes
mellitus in animals due to its toxic effects on pancreatic
beta cells (1). STZ is known for its acute cytotoxic effect
on cells and molecules, which results in the generation of
reactive oxygen species that cause oxidative damage (2) by

depleting the antioxidant defense system in experimental
animals (3). Furthermore, STZ is a selective beta-cell
genotoxicant; upon administration of a single dose STZ
rapidly produces acute diabetes by generating DNA
adducts, including N3-methyladenine and O(6)methylguanine adducts, leading to subsequent beta-cell
9
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death by necrosis (4). It was previously reported that high
doses of STZ produce marked steatosis in the liver and
tubular injury in the kidneys, as well as increased blood
urea nitrogen and creatinine levels in experimental animals
(5). STZ produces dose-dependent mortality in
experimental animals and was reported to cause 15%20% mortality at a dose of 65 mg/kg of body weight (6).
Ficus bengalensis (Banyan tree) is a large tree with many
aerial roots that grows wild in the lower region of the
Himalayas and throughout India. Different parts of the tree
are reported to possess medicinal properties. The leaves
are good for ulcers, aerial roots are useful in the treatment
of gonorrhea, and seeds and fruit are known for their
cooling effect and are often used as a tonic (7). A water
extract of the bark of this plant was shown to have a
hypoglycemic effect (8), as well as hypocholesterolemic and
hypolipidemic effects (9,10).
The objective of the present study was to investigate
the possible protective effect of an aqueous extract F.
bengalensis on STZ-induced changes in levels of total
protein, albumin, and non-protein nitrogenous substances,
as well as hematological indices in diabetic rats.

Materials and Methods
Animals
Male albino rats (Wistar strain, 150-200 g) were
purchased from Tamil Nadu Veterinary and Animal Sciences
University, Madhawaram, Chennai. The rats were housed
under standard husbandry conditions (30 ± 2 °C, 60%70% relative humidity, and 12:12 h day/night cycle), and
were allowed standard pellet rat feed and water ad libitum.
Animal experiments were designed and conducted in
accordance with the guidelines of the Institutional Animal
Ethical Committee (IAEC, VIT University).
Preparation of Plant Extract
The bark of F. bengalensis was collected from the
Morappur Forest, Dharmapuri District, Tamil Nadu, during
April 2006. A voucher specimen was prepared and
submitted to the Forest Department. The bark was washed
with distilled water, shade dried, powdered, and stored in
an air-tight container until further use.
The aqueous extract was prepared as described by Vats
et al. (11). F. bengalensis stem bark (100 g) was
powdered in an electric grinder. The powder was then
soaked in 500 ml of sterile water, stirred intermittently,
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and left overnight. The macerated pulp was then filtered
through a coarse sieve and the filtrate was dried at reduced
temperature. This dry mass served as the aqueous extract
of F. bengalensis used for experimentation. To increase the
shelf life and uniformity of the extract, it was completely
lyophilized by a continuous freeze drying operation for 54
h (Christ freeze dryer, Germany) and the yield was
calculated as 3.7% (w/v).
Induction of Diabetes Mellitus
A single dose of a freshly prepared solution (35 mg/kg
of bodyweight in 0.1 M cold citrate buffer, pH 4.5) of STZ
(Sigma, USA) was injected (intraperitoneally) into the rats.
After 72 h, blood was collected from the tail vein under
ether anesthesia. Blood glucose levels were determined
using a Microlab 2000 autoanalyzer (Hamilton, UK). The
animals were considered to be diabetic if blood glucose
values were > 250 mg/dl and only those animals were used
for the study. STZ-induced diabetes developed and
stabilized over a period of 7 days (12). Untreated control
rats were given 0.1 M citrate buffer (pH 4.5) only.
Experimental Design
Animals were divided into 4 groups, each consisting of
6 animals. Group 1 served as a control, group 2 included
rats with STZ-induced diabetes, group 3 served as a
positive control and received the standard hypoglycemic
drug, tolbutamide (100 mg/kg of body weight), and group
4 included rats with STZ-induced diabetes that were
treated with the aqueous extract (500 mg/kg of body
weight per day) for 12 weeks via oral intubation. Rats
were sacrificed at the end of 12 weeks and blood samples
were collected to estimate plasma proteins, non-protein
nitrogenous substances, and hematological indices.
Biochemical and hematological Parameters
Total hemoglobin was estimated by the
cyanmethemoglobin method (13). Plasma total protein was
estimated by the method of Lowry et al. (14) and albumin
by the method of Peters et al. (15). Plasma urea and uric
acid were estimated by the method of Tomas (16), and
creatinine was estimated by the method of Fossati et al.
(17). Hematological indices, including erythrocytes count,
leucocytes count, and platelets count, were also determined
using standard methods (18).
Acute Toxicity
The F. bengalensis aqueous extract was tested for acute
toxicity by administering oral doses ranging from 100 mg
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to 1 g/kg of body weight per day and from 2 to 5 g/kg of
body weight per day for 7 weeks to 2 groups of rats (n =
6) prior to the present investigation. The rats were
monitored for any lethal effects due to administration of
the drug.
Statistical Analysis
Statistical analysis was performed using SPSS v.9.05.
Data were analyzed by one-way analysis of variance
(ANOVA), followed by Duncan’s multiple range test. All the
results were expressed as mean ± SD for the 6 rats in each
group. A P value < 0.05 was considered significant.

Results and Discussion
The extract (administered at 20-50 times the effective
dose) was observed to be non-toxic to the rats.
Experimental animals appeared normal throughout the 7week study period; there were no physical or behavioral
changes observed, and there were no deaths in any of the
experimental groups.
The levels of total protein and albumin in plasma
decreased significantly (P < 0.05) in the rats with STZinduced diabetes, in comparison to the untreated control
rats (Table 1). The levels of total protein and albumin
returned to normal after the administration of the extract
(500 mg/kg of body weight per day) for 12 weeks;
however, a mild globulin level increase (P< 0.05) in the
diabetic rats was normalized by the administration of the
plant extract. Blood levels of urea, uric acid, and creatinine
increased significantly (P < 0.05) in the rats with STZinduced diabetes, in comparison to the untreated control

rats. Administration of the plant extract (500 mg/kg of
body weight per day) for 12 weeks normalized levels of
non-protein nitrogenous substances. The observed effect
of the F. bengalensis aqueous extract was equivalent to the
effect of tolbutamide.
Decreases in erythrocyte, leucocyte, and platelet counts
were observed, and hemoglobin levels returned to normal
following administration of the extract (500 mg/kg of body
weight per day) for 12 weeks (Table 2). The decrease in
hemoglobin level in the diabetic rats may have been due to
a reduction in protein synthesis in all tissues, with
decreased production of ATP and absolute or relative
insulin deficiency (19).
The observed increase in plasma levels of urea, uric
acid, and creatinine may have been due to STZ-induced
metabolic disturbances, as well as renal dysfunction. Levels
of non-protein nitrogenous substances are always used as
significant markers for the assessment of renal dysfunction
(20). Increased protein glycation in STZ-induced diabetes
was reported to be associated with increased muscle
wasting and, thereby, increased release of purines. The
elevated levels of purine in diabetes are reported to be the
main source of uric acid, in addition to xanthine oxidase
activity (21). Our data revealed that the F. bengalensis
aqueous extract significantly reduced the levels of serum
urea, uric acid, and creatinine in rats with STZ- induced
diabetes.
The observed changes in blood cell counts may have
been due to the necrotic effect of STZ, which could also
have been the cause of the drop in total hemoglobin. Some
of the constituents present in the extract might reduce

Table 1. The effect of F. bengalensis extract on plasma proteins, urea, uric acid, and creatinine in rats with STZ-induced diabetes.

Groups

Total Protein
(g/dl)

Albumin
(g/dl)

Urea
(m mol/l)

Uric acid
(m mol/l)

Creatinine
(μ mol/l)

Normal
#
Diabetic control
Diabetic + Tolbutamide
(100 g/kg per day)
Diabetic + F. bengalensis
(500 mg/kg per day)

6.87 ± 0.81
4.25 ± 0.85*
6.10 ± 0.53

4.60 ± 2.9
3.90 ± 2.8*
4.73 ± 1.9

8.31 ± 0.27
9.41 ± 0.26*
8.75 ± 0.25c

65.43 ± 0.1
142.8 ± 0.3*
112.9 ± 0.3

64.3 ± 2.3
74.8 ± 2.4*
63.2 ± 2.1

6.45 ± 0.51a

4.42 ± 2.1a

8.25 ± 0.28 a

65.24 ± 0.1a

64.0 ± 2.3a

Each value is the mean ± SD for 6 rats in each group.
STZ: Streptozotocin (35 mg/kg body weight in 0.1 M cold citrate buffer, pH 4.5).

#

*Values are statistically significant when compared to controls at F > 0.05 (ANOVA) and P < 0.05 (DMRT)
a
Values are statistically significant when compared to diabetic controls at F > 0.05 (ANOVA) and P < 0.05 (DMRT).
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Table 2. The effect of the F. bengalensis aqueous extract on hematological indices in rats with STZ-induced diabetes.

Groups

Normal
Diabetic control#
Diabetic + Tolbutamide
(100 mg/kg per day)
Diabetic + F. bengalensis
(500 mg/kg per day)

Hb
(g/dl)

RBC
X1012/l

WBC
X1012/l

Platelets
X109/l

15.50 ± 0.5
12.95 ± 1.0*
14.10 ± 1.1

5.10 ± 0.7
3.95 ± 0.6*
5.20 ± 0.7

9.90 ± 0.7
8.10 ± 0.5*
8.62 ± 0.6

163 ± 1.8
151 ± 1.3*
160 ± 1.2

15.95 ± 0.9a

5.39 ± 0.6a

8.85 ± 0.5a

162 ± 2.0a

Each value is the mean ± SD for 6 rats in each group.
STZ: Streptozotocin (35 mg/kg body weight in 0.1 M cold citrate buffer, pH 4.5).
*Values are statistically significant when compared to controls at F > 0.05 (ANOVA) and P < 0.05 (DMRT).
a

Values are statistically significant when compared to diabetic controls at F > 0.05 (ANOVA) and P < 0.05 (DMRT).

STZ-induced changes in total protein, albumin, non-protein
nitrogenous substances, and hematological indices. The
antioxidant activity of polyphenolic flavonoids,
leucopelargonidin, and leucocynidin isolated from F.
bengalensis has been previously reported (22). Isolation of
3 ketones (20-tetratriacontene-2-one, 6-heptatriacontene10-one, and pentatriacontan-5-one) and 2 other
compounds (beta-sitosterol-alpha-D-glucose and meso
inositol) from the stem bark of F. bengalensis have been
reported (23). Thus, the ameliorative potential of the
aqueous extract may be due to the synergistic effect of
several of the phytochemicals present in the extract.

biochemical/pharmacological properties of purified F.
bengalensis extract(s) on blood sugar levels in vivo.
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Findings from the present study show that the aqueous
extract of F. bengalensis stem bark has some useful
biological properties, as indicated by the significant changes
observed in the biochemical parameters of rat plasma.
Further studies are required to assess in greater detail the

School of Biotechnology,
Chemical and Biomedical Engineering, VIT University,
Vellore-632 014, Tamil Nadu - INDIA
E -mail: kkb@vit.ac.in

References
1.

Kim MJ, Ryu GR, Chung JS, et al. Protective effects of epicatechin
against the toxic effects of STZ on rat pancreatic islets: in vivo and
in vitro. Pancreas 26(3): 292-299, 2003.

2.

Szkudelski T. The mechanism of alloxan and streptozotocin action
in β- cells of the rat pancreas. Physiol Res 50(6): 537-546, 2001.

3.

12

Yue KK, Chung WS, Leung AW et al. Redox changes precede the
occurrence of oxidative stress in eyes and aorta, but not in kidneys
of diabetic rats, Life Sci 73(20): 2557-2570, 2003.

4.

Burns N, Gold B. The effect of 3-methyladenine DNA glycosylasemediated DNA repair on the reduction of toxicity and diabetes by
the beta–cell toxicant streptozotocin. Toxicol Sci 95: 391-400,
2007.

5.

Koulmanda M, Qipo A, Chebrolu S et al. The effect of low versus
high dose of Streptozotocin in cynomolgus monkeys (Macaca
facilularis). Am J Transplant 3: 267- 272, 2003.

M. GAYATHRI, K. KANNABIRAN

6.

Kordowiak AM, Goc A, Drozdowska E et al. Sodium orthovanadate
exerts influence on liver Golgi complexes from control and
streptozotocin-diabetic rats. J Inorg Biochem, 99(5): 1083-1089,
2005.

7.

Satyavati GV, Raina MK, Sharma M. Medicinal plants of India, Indian
Council of Medical Research, Vol. I, New Delhi, 1976.

8.

9.

Shukla R, Prabhu KM, Murthy PS. Hypoglycaemic effect of the
water extract of Ficus bengalensis in alloxan recovered, mildly
diabetic and severely diabetic rabbits. Int J Diab Dev Ctries 14: 7881, 1994.
Shukla R, Anand K, Prabhu KM et al. Hypocholesterolemic effect of
water extract of the bark of Banyan tree, Ficus bengalensis. Indian
J Clin Biochem 10: 14-18, 1995.

15.

Peter T, Biamonte GT, Doumas BT. Protein (total protein) in
serum, urine and cerebrospinal fluid; albumin in serum. In: Faulkner
th
WR, Meites D (Eds.). 9 ed. Selected Methods of Clinical Chemistry.
American Association for Clinical Chemistry, Washington, D.C.;
1982, pp 125-132.

16.

Tomas L, Clinical Laboratory Diagnostics, Verlagsgesellschaft, 1
ed, Frankfurt, Germany; 1998.

17.

Fossati P, Principe L, Berti G. Use of 3,5-dichloro-2hydroxybenzenesulfonic acid-aminophenazone chromogenic system
in direct enzymatic assay of uric acid in serum and urine. Clin Chem
26: 227-231, 1980.

18.

Rao GM, Morghom LO. Erythrocyte count and hemoglobulin levels
in diabetic women. Eur J Appl Physiol 52: 272-275, 1984.

19.

Chatterjee MN, Shinda R. Metabolism of carbohydrate. In:
Textbook of Medial Biochemistry, Jaypee Brothers Medical
Publishers Pvt. Ltd.; 1994, pp. 421-422.

20.

Almadal TP, Vilstrup H. Strict insulin treatment normalizes the
organic nitrogen contents and the capacity of urea-nitrogen
synthesis in experimental diabetes in rats. Diabetologica 31:114118, 1988.

st

10.

Shukla R, Anand K, Prabhu KM et al. Hypolipidaemic effect of
water extract of the bark of Ficus bengalensis in alloxan induced
diabetes mellitus in rabbits. Indian J Clin Biochem 10: 119-121,
1995.

11.

Vats V, Grover GK, Rathi SS. Evaluation of anti-hyperglycemic
effect of Trigonella foenum-graecum Linn, Ocimum sanctum Linn
and Pterocarpus marspium Linn in normal and alloxanized diabetic
rats. J Ethnopharmacol 79: 95-100, 2002.

12.

Sarkar S, Pranava M, Marita RA. Demonstration of the
hypoglycemic action of Momordica charantia in a validated animal
model of diabetes. Pharmacol Res 33: 1-4, 1996.

21.

Anwar MM, Meki AMR. Oxidative stress in streptozotocin-induced
diabetic rats: effects of garlic oil and melatonin. Comparative
Biochem Physiol 135: 539-547, 2003.

13.

Drabkin DL, Austin JM. Spectrophotometric studies,
spectrophotometric constants for common hemoglobin derivatives
in human, dog and rabbit blood. J Biol Chem 98: 719-733, 1932.

22.

Mathew BC, Devi KS, Augusti KT. Antioxidant effect of two
flavonoids from the bark of Ficus bengalensis Linn in hypolipidemic
rats. Indian J Exp Biol 36: 902-906, 1998.

14.

Lowery OH, Rosenbrough NJ, Farr AL et al. Protein determination
using folin-Ciocalteau reagent. J Biol Chem 193: 265-276, 1951.

23.

Subramanian PM, Misra CS. Chemical constituents of Ficus
bengalensis (part II). Polish J Pharmacol 30: 559-562, 1978.

13

